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March 31, 1966

Both of the oviginally prapssedl experimenta have been completed this
past quarter. The materiel demping of three engireering alloys, 1080 steel,
416 stalnless gteel, 2nd 2024-T4 2luminum hes been gtudied Dy determining
the resonant respconses of gimple structural eiements fabricated from these
glloys.

The structural elements were in the form of

{1} torsionsal pendulums
end (i1) cantilever besms.
Fhotographs of both cxperimental spparatuses Lave been presented in previocus

quarterly reports. >3

Specimens vere fabricsted from cold-drawn bar stock
gnd were not heat treated in awy way.

A typical test consisted of determinimg the amplification factor at
resonance of & specimen at 2 series of stresses of up to 801 of the material
proportional 1imit. The mechanical ‘amplification at rescnmance Q and the

gpecinen dgwping capacity &g (the ratio of the total emergy disaipated per

cgcle in the specimen to 2T[ times the pesk gtrain energy of the specimen

1
“P2iudy of Materisl Dampiog Caused by Uniaxial add Bisxdial Vibratiom
Stress %ystems,” Proposal for Extension for HASA contract BAS 8-2304.

ZEighteaatb Quarterly Report fov NASA contract FAS £-25C4.

3Nineteenth Quarterly Report for FASA contract NAS 8-2504.



iz the cycle) are related by the equation

q” 8 (1)

In the remainder of this report, the term "damping" will refer to the
nagnitude of the specimen dasmping capacity. .
The frequency and stregs ranges im which each specimen configuratﬁcm

was tested and a dimcussion of the relstionmship between dsmping snd stress

and freguency are listed for each material below.

FREQUENCY RAKNGE (cpe) STRESS RANGE (psi)
Bending Test 25 - 300 - 5,000 - 40,000
Torsion Test 60 - 400 2,500 - 20,000 -

DISTUUSSION: (1) Bending test.~ Both the damping and the relatiomship
between damping and stress for this materiel was s functiom of frequency.
Demping for low frequency tests, when transverse thermal curreat damping“
would be a maximum, was substantially independent of stress amplitude and
a Junction of frequency. A test rum a2t a frequency at which thermal current
damping wes small, showed a marked stress dependence.

(2) Torsion Test.— Damplug was stress dependant but frequency

independent.
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FREQUERCY RANGE {cps) STRESS RARGE (psi)
Bendiag Test 25 - 150 5,000 - 40,000
Torsion Test €0 - 200 2,500 - 20,000

DISCUSSION: (1) Remnding Test.—~ Damping was approximetely dependent on
stress to the firat power throughout the stress range and was independent
of frequency.

{2} Torsion Test.- The stress dependence of demping in torsion
was somewiat more complicated than thet in bending. Ag strass was increcged,
demping first inéremsed linearly with stress, then sttained a maxivvm velue

end bezan to decreasz. Thais effect ma
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416 stainless steel 1s a ferromagnetic material snd hence is subject to
negeetostrictive éamping.s A damping pesk with streses cen in fact be
predicted in 2 qualitetive sense foyr ferromagnetic wmateriais. lo freguerncy

denendence of this matevrial im tersicn was observed.

2024-T4 ALUMINUH

FIEQUENCY RARCE (cpe) STRESS RANGE (psi)
Bendirg Test 25 - 1000 5,000 - 35,000
Torsion Test 60 - 1066 2,000 - 17,500

BISCUSSION: (1) Bendinz PTest.- Damping was highly fregquency dependeat and
ot at all amplitude dependent. Dote wvas well corxrelated by the theory of
trangverge thermal curzemts.,4

{2} Torsioua Test.- hamping im terzien wes gererallv ons ordex

o wmagnitude beleow that (o Cemgden ab nuy fregqueney. The denping Jissiayed
spproximately en Ilnverse relaticmasbip oo fraguecey and 5 btigh stress depsrdence.
5Sae for exemple, Cochardt z ”
s e, ¢ s fey Magnetomechenical Damping” Chepter II in

book Marnetic Propercies cf Merals snd ﬁllﬂ?s. fn. Ssc. for Metsle, 1959




A final repcrt 1s in preparation which details (1) possible mechanisms
for the stress and frequency dependence of damping data for these alicys,
{2) the experimental apparatus and test method used, and (3) correlsticn
of bending and torecion date with possible applications for the computation
of enmergy lesses due to material demping iIn 8 structurael member under a
general state of biaxiel streas. It is ezpected that this report wiil be

completed by May 15, 1966,



